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Abstract. Techniques commonly used to measurs fine sediment accumulation
in streambed gravels can be labor and equipment intensive. We svaluated
the sediment trapping capabilitvies of modified @hizlsck—?iba:ﬁ goxas
under both laboratory and field conditioms, and compared the accumulated
fine sediment Co that contained in adjacent gravels as indicated by
McNeil core samples. Our results suggest the boxes can be used as an
alternative to core sampling for monitoering intergravel fins sadiment
levels. Advantagss include sase of transport to ramote fisld sices,
small sample volumes, and reduced analysis time. Problems encountarad
were displacement by fleod and lce flows ané inundacion by large ssdiment

spills.




The effecrs of fine sediment on stream bilota and their habltac
include: 1) reduction of primary prcduﬁgieﬁf (2} damags to respiratery
organs, (3) entombment of organisms, {4} increassd dissase, (3) reduc-
cion of razaring and spawning habicat, (&) reduction of incragravel
dissolved oxygen and flew, and (7) alveration of warer chemistry
(Cordone and Kelley, 1961; Cibboens and Salo, 1973, Iwamoto er al.,

19783 . Uhile ressarch has focused on describing the sffects of sediment
deposition, less effort has been direscted roward the devalopment 05.
mecheds for measuring the accumulation of fine sediment in streambeds.
Two types of samplers ave commonly used for characterizing substrate
composition--the McNelil core sampler and the freeze-cors sampier {Flatts
ez al., 1983, Raiser at al., 1985). The major deficiency of the McNeil
sampler 1s the the inabiliay o insert the sampler vo the specified
depth, if the substrate is coarse or compacted. The major disadvantage
of the freeze-core technique is that the large, bulky eguipment limics
sampling ¢o readily accessible areas. Also, fresze-core probes can be
difficuln to driye through large substraces and the weight of samples
can make handling difficult. Shorrcomings of core sampling and
freeze-core techﬁiques have resulted in efforts to develop sedimenc
*rrapping” deviéas {Heghan and Swanston, 1977; Maheney and Erman, 1984).

The obiective of this study was to test the hypothesis of Relser
and White {iggl}.ﬁhat & carreiétian exis:s berween the percentage of
fine sedimeﬁcs :ﬁappeé by Whitleck-Vibert boxes and that contained in
MecHeil core sampleég Ve ésndusted experiments in an artificial flume atc
different flows and in channel sections with different gradlents Co test

the hypothesis,



Mechods

Whitlock-Vibero (W-V) boxes aré made of polypropylens and measure
14 2 6.4 x 8.9 cm desp. The sides, top and bottom of the boxes are
perforated wich vectangular slots to allow water circulation. Openings
in the cop and tha’l&rgﬁst slocs on the sides are 3.3 mo ¥ 13 mm. UWe
removed the inner pansl from the W-V boxes to increzse their effaccive-
ness as sediment traps. The boxes were filled with clean gravel 12-23
mpm in diameter (Figure 1) and a scrip of duct tape was placed on the
bottom of each box to pravent rthe loss of trapped fine sediment through
the bottom.

Initial resting of the sedimens-trapping capabilicias of the
modified W-V boxes was conducted in an experimencal flume {Hydrauliaé
Labczacory;'ﬁnivarsity of Wyoming}. The concrscte flume was 21.3 x 0.9 x
0.9 m deeé ard filled to a depth of 0.48 m with bed matverisl {including
fines) similar in compositicn o that used by salmonids for spawning in
southaast Qyoming iR&isar and Wesche, 1977). The substrare was formed
into thres viffle-pocl seguences. Discharge through tﬁe channsl was
contrclled.by ; series.af five rescirvculating pumps. |

Three experiments were conducted during 1984 and 1983 wich sach
folloving ﬁhe same general procadurasl Madlfisd W-V boxes were plantad
in each giffia and gﬁai. Pumps werve asctulvarved and flow was wvaried
chroughout the experiment {maximum ¢.14 majs), Suspendad sadimenc
samples and bedlcad samples were taken at the head of each riffls ro
deternmins éaéimeng movement, Af the conglusion of sach expeviment, W-V
boxes were carefully removed from rhe substrate, placed in plastic bags,

and steved until analysils., At z locatlon ilmmediately adlacent to sach



W¥ box, a McMell core sample w%s gollected. ALl samples were dried ac
70°C fox at leasc 24 hours and gravimesrically analyzed by che dry sieve
technique, with results reported as percent of total dry sampls weighe.
Fines of three zizes weve measured: < 3.35, <« 1,73, and <« 0,85 am
diamater.

Among the thres sxperiments several condivions varied. Exparimenc
1 lasted 3 ﬁays; peak discharge was 0,08 mgfs, and &4 W-V boxes ware
planted ?.6rcm deep in the substrats. Experiment 2 ran for 5 davs, pesak
discharge was Q,EZ mB/s, and 46 boxes were planrtad wich their tops flush

with the surface of the substrate. Experiment 3 was similar to 2 with

i

rthe exceptions that 92lboxes wera planted and 1,818 kg of fine sadiment
(<3.35 mm diamecer) were continucusly added to tha system at the upper
end of uha.fiume.

Qorréfanigﬁ énalysis was ussd o determine valations batwesen the
percantage of fine sediment trapped in the W-V boxes and thac present in
adiacent MeNail core samples. To test the efficisncy of the two
methodé, we comparad tha.p&rcencage of fine sediment using parsd
T-Cests. ?a: each sxperiment, separate statistical analyses weres con-
ducted for all sa@pies gcombined, all riffls sampi&si all pool sam?lesa
and all saﬁpies taksn frem mid-channel. |

Field testing Qa$ conducted during 1985 on the Forth Fork of the
Little Snake River. OQur purpose was to compare the parcentage of fine
sediment tra#ped by the W-V boxes te that contained in Mcleil core

samples and to ‘evaluate the durabilicy of the boxes over a wide range of

field conditiens. The Nerth Fork of the Lictle Snake River is a steep



gradient stream lecated in the upper Colorade River basin of south-
central %yémiag. Construction in the watershed contributed large
amounts of sediment to the channel during 1984, Meodifiad U-V boxes were
planced in four zéécheﬁ of the stream in 1585, Reach 1, thsa control
section, had a moderats gradient {Zké%}ﬁ it was located lmmediately
upstream from construction activicy, while Reaches 2, 2 and & wers
downstreanm of the construction and subject to sadlmentation. Reach £
was high gradient {4.5%}, Reach 3 {(3.0% slope) was most similar to the
upstreamn control, énd Reach &4 was low gradient (0.4%). FEach reach was
12 m in length and averaged 6.5 m in widcth. Discharge varied from 0.1
to 3.1 n'/s.

Twelve modified W-V boxes were planted and vscovered thres times In
each study reach. AL sach recovery time, ﬁcNeil cora samples were vaken
at zach reach. Stuﬁy periods were: Tast 1, Ocrober 1984-May 1985, Test
2, May 1985-July 1985, Test 3, July 1983-Septamber 1983, ALl W-V boxas
were plaﬁcgé with the top flush to the sfreambed surface. Sample
handling in the field and laboratory analysis were the same as described
for zhexiaberaﬁery experimenasa Analysis-of-varisnce was wussd to

compars fine sediment content of the boxes and the cores.

Résulzs
In Experimsnt 1, ths mean geicentage of fines less than 3.353 mm
diamater wasisignifiaanﬁly different {(E 5'0.35} herwean W-V boxes and
MeNeil samples in all ssmple groupings (Table 1). Results were similay
for fines less than 1.7 mm and §.85 mn diameter. In all cases, the

guantity of fines ecrapped by the modified W-V boxes was less than that



contained in che ﬁcNeii samples. Litzle fine bed marevial was
rransperted during Experiment 1 {4 g/minuce). The lack of bed material
movemant admbiaad with the depth at which the boxes were planted limired
zhe abilicy of W-V boxes te trap fines. Covvelation coefficiencs were
gignificant ameng éli samples, riffle samples and mid-channel samples
indlicaring & relation between the parcentage of fines frapped by the W-V
boxes and that in adjacent MclNeil samples.

Results of Experiment 2 indicated the modified -V boxes to be as
effective 5 measure of fine sediment as Meleil core samplas. Sedimsnc
transport during this experimenﬁ was 23 g/minute. HNo significant
differences were observed hetween the mean percentags of fines less cthan
3,35 mm diameter and all correlacion coefficients were significant.
Similar resulus were“ebzainad when fines less than 1.75 and 0.85 mm
diamerer were considared.

In Experiment 3, when fine sediment was added and szediment trans-
sort was 300 g/minure, the effectiveness of W-V boxes as a method to
sample fins sediment was again shown, Mo significant diffsrances
were found betwsen means with the exception of the pool sample, Ths
discrepancy found in the posl data resulted from the filling of the
upper two poeis.wiih large AMOUTITS of fine material. When McNail
samples wers taken in these peols, the lengrth of the saﬁpiing tube was
not sufficient in many cases to penstrate through the f£ill layer {up to
15 cm of pure fines.abova the gravel substyrats). Thus, cha parcent of
fine material in the samples was abnormally high in comparison to the
V-V boxes, which had coarse material placed in them prior ro the

iniriation of the sxpsviment. In the uppsr ©two pools, the mean



percensagé of fines was significantly éifferéna {P <0.03) in the ¥-V
boxes and the HeNeil samples. In the lowest pool, howsver, whers
filiing was not as severe, there was no significant differencs.

The resulus of fisld testing {Table 2) were similar o those Ffound
under laboratory conditions. At Reaches 1, 2 and 3 {médezate Lo staep
gradient) there was no significant differences (P £ 0.03) Destween the
mean paxcentage.af fine éadimenﬁ in the W-V boxes and the Helieil
sampies., This relatienship held for all three size categoriss of
sediment,

The vesults from Reach &4, the low gradient pool, were similar to
chose frem the upper twe peol samples of laborvatory Expari#anc 3.
During spring runoff in early May 1985, largs éuantitias of fine sedi-
ment were moved inio Reach &. BDeposition depth of this sediment ranged
up to 30 cm throughout the peol. The significant differences found are
most likely the resulec of this heavy depositipn coupled with the size
limitations of the leCs of the ﬁwv boxes, Despive rhe Reach 4 resulcs,
Estel $ignifiéant differences were found for the mean parcentage of fine
sediment léss than 0,85 mm whan samgles from all reaches were combined.

The duiability of the W-V boxes throughour field testing was
exceptional. Hore thaﬁ 90% of the boxes could be reused ar least three
times, with most breakage resulting from handling during sub-freezing
cemperatures., A problem encountersd was the displacement of planced
boxes. éf.i&& boxes planted during the 1985 fileld resving, 25 (17%)
wera flushed from the stream bottom and lest. Spring lce-out (12 boxes

lost) and high streamflows (12 boxes lost) were the main causes of



displacement. Sixcy percent of the losses scourred in Reach 2. the

staep gradient sice.

Discussion

Qur results suggest that Y-V hozes, planted fl#sh with tﬁe
sereambed suxfaaa_ta enable bedload sediment to intruda inte tha boxes,
can bs gsgd in glgeg oi'ﬁcNail gamples te menitor fine sadiment
accumuiation.‘fihe béxes‘.sgall size and low cost make them well suited
for field use. In addivion, field sampling is easier with W-V boxes
than wich McNell or freeze core methods. For example, using our data
from laboratory Experiment 2 pool samples, 164 modified W-V box samples
or 181 MeHell core samﬁles would be needsd ro be 95% confident that the
sample mea# was within 10% of the true mean {Burns, 1948), An average
McNeil sample weighs 4.75 kg while an average W-V box sample weighs 1.0

ke

g, so votal weight of the nseded McNell samples would be 785 kg while

thar of W-V hox samples wauld be 164 kg marerial,

A1l of our W-V box samplas_were analyzed by the dry-sisve process.
For many studies such dé;ail may not be necessary. A quick, yet
reliable, measure caulé be obtained by simply weighing the %thents of
the W-V boxes before planting and after recovery,

4 problem encountered during both the laboratory experiments and
the field éesting was the inabilicy ef the boxes %0 sample high
quantiti&§_@§ depositian.éﬁove the gravel substrits. An alternative
would bezéaime&gure the depth Qf sediment deposived over the top of ths
box. Kna%ﬁng the surface %raa of the box top and this depth, the volume

of sediment above the gravel substrate could be estimarsd, although not



all of chis maverial may sctually be fine sediment less than 3,35 mm
diazmecer. |

A second pzcglem encountered during field testing was loss of y.v
boxes due to displacement. During our experiments, no method of
mechanically anchariag the boxes was attemptad. Should sampling ba
necessary in steep giadient reachaes during times when degradation of the
streambad may ncgur (e.g., ice-out, spring runoff), boxes should he

anchored inte the streambed,
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Figure 1. Whitleck-Vibert boxes modified Ffor sediment crapping.
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Table 2. .nagvmﬁwvoﬁ of mean percent fine sediment in ‘modified V- < boxes and McNeil samples from North
Fork Litrle Snake xwﬁmw study reaches, wwmw . :

Sample size - Fines < 3,35 mm  Fines < 1.75 mm Fines < .85 mm
Sample Wy box MeNeil W~V box MeNeil W~V box McNeil W=V box McNeil
Reach 1 35 36 22,8 29.6° 16.7 18,1% 10,2 10.5°
Reach 2 21 26 22.4 22.7° 15.6 i3.9° 9.2 7.5
Reach 3 32 36 25.1 30.4% 16.9 19.6% 9.4 10.6"
Reach 4 31 k1 27.1 47.3 21.2 40,0 13.4 21.8
ALl
Samples 119 144 24.0 31.9 17.4 21.3 10.0 12.0%

“No significant difference between means atp < 0,05,



Table 1. GComparison of mean percent fine sediment {<¢ 3.35 mm diamerer) in modified W-V hoxes and McNeil
samples, laboratory experiments 1, 2 and 3. Coefficlent of varlation in parentheses

Mean fines (%)

Bxperiment wample Sample mwmm W-V boxes MeNell {r
1. Al 44 12.2 (41.8) 18.4 (36.7) 0,53°
Riffle 22 14.0 (41.2) 21.8 (25.6) 0.49"

Pool 22 10.4 (35.3) 15.0 (41.2) 0.39

Mid~channel 16 13,2 (46.2) 19.6 (38.4) 0.60°

2. ALL | 46" 1.4 (77.2) 13.7 (52.4) 0.54°
RiEfle 23® 12.8 (84.5) 14.6 (44.1) 0.56°

Pool 23° 10,0 (61.4) 12.9 (61.6) 0.59°

Mid-channel T 10.8 (72.8) 12.2 (60.0) 0.69°

3. ALL 92® 3.0 (39.5)  37.3 (85.0) 0,39%
 Riffie 46 33.5 (34.0) 27.97(62.0) 0.45°

Pool 4 2.5 (44.5)  46.5 (B1.3) 0.52°

Mid-channel 28% 32.7 (35.5) 39:2 (76.0) 0.20

mza significant difference between means at < 0.05.

wzc

-

significant difference between means atp < (.01,

signiflecant at p < 0.05.



